Role for p21-activated kinase PAK4 in development of the mammalian heart.
The serine-threonine kinase PAK4 plays a pivotal role in cell proliferation, survival, and control of the cytoskeleton. Mice that lack Pak4 die in midgestation prior to embryonic day E11 from unidentified causes. Analysis of PAK4 protein levels demonstrated that it was highly expressed in the whole embryo and in the developing heart but became low in the hearts of adult mice. In this study we analyzed development of the heart in conventional and conditional Pak4 knockout mice and embryos. We found that in conventional Pak4 knockout mice cardiogenesis is strongly affected from early developmental stages and by E9.5, hearts of Pak4⁻/⁻ embryos developed multiple profound deficits. Conditional deletion of Pak4 in the progenitors of the secondary heart field led to abnormal development of the outflow tract, in which the pulmonary artery had a smaller diameter, and the aortal wall was thinner than in wildtype mice. The conditional knockout mice also displayed the characteristic enlargement of the right ventricles and right atria. Pak4⁻/⁻ embryos and cardiomyocytes in which PAK4 was depleted exhibited low levels of LIMK1, a protein that plays key roles in cytoskeletal organization. Knock down of PAK4 in cultured cardiomyocytes led to severely compromised sarcomeric structure and deficits in contraction. These results indicate that PAK4 functions, including control of actin dynamics, are necessary for normal development of the heart.